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Abstract 

The design of a magnet lattice and bypass for a 
coherent radiation facllity is discussed. The lattice is the 
missing magnet FOOD structure first proposed by Vignola 
[}] for a 6 GeV light source. This has been adapted for a 
750-I}OO MeV electron storage ring for use with both 
conventional insertion devie-es and a high gain FEL 
optimized for output at 400 A. The latter device requires 
that the electron bunch be deflected into a small aperture 
bypass, then reinjected into the ring where the perturbing 
effecls of the FEL are damped out. 

1. Introduction 

The storage ring described in this paper has been 
chosen from five candidates, all of which were optimized 
for operation with a single pass, high gain FEL.l,2 The 
lattice utlHzes gradient sector magnets similar to the design 
proposed by Vignola for a 6 GeV light source.} Here we 
discuss the tunabiHty of the lattice, the dynamic aperture, 
and describe the bypass necessary for FEL operation. The 
main parameters of the r. f. and injector systems are also 
described. 

2. Performance Goals 

Optimization criteria in the design of a storage 
ring for operation with a single pass, high gain FEL are 
described in ref. [l]. In the examples discussed there the 
energy was selected to be 750 MeV, and the momentum 
spread was allowed to increase to a /p = 0.002 under the 
influence of the microwave instabmfy, so restricting the 
peak current, fb' in the electron bunc~.. For the lattice 
described here the limiting current is tb = 200 Amperes. 
The resulting intrabeam scattering blows up the emittance 
from its 'natural' value of 0.46xl0-8 m-rad to 
1.0x 10-8 m-rad. 

A further requirement of the lattice is that it be 
capable of operating at a higher energy for use with 
conventional insertion devices, such as undulators. To this 
end all systems, including the injector, have been made 
compatible with operation at I.' GeV, where designs for 
insertion devices have already been optimized.4 

In order to meet the requirement for high K-value 
and small period, the FEL undulator has to be built with a 
small gap -} mm,l which demands the use of a bypass 
scheme. The operating procedure is to switch the single 
e lectron bunch into the F £L bypass where an intense optical 
pulse is produced, then reinject the bunch back into the 
storage ring where the perturbing effects of the FEL ilrB 
damped out. The process can be repeated after one dampinq 
t ime, i.e . at a rate ~ 10 Hz. 

-ThiS work was supported by the Director, Office of Energy 
ResearCh. Office of High Energy dnd Nuclear Physics, 
Hiqh Energy Physics Di .... ision. U.S. Dept. of Energy, under 
Contract No. DE · ACOJ · 765F 00098. 
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Fig. I. Layout of the Coherent XUV Facility 
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Fig. 2. Lattice Functions Through a Unit Cell 

}. The Lattice 

A layout drawing of the storage ring and its main 
systems are shown in Fig. l. The lattice is constructed from 
six unit cells, each cell containing an achramat with three 
bending magnets and two quadrupoles. matched, into a 10m 
lang dispersion free straight section by quadrupole pairs. 
The bending magnets are all gradient sector magnets with 
It R = 1.22 m, P = 3.5 m. n = 5.0. The structure of a unit cell 
together with the lattice functions Dx , Dy and '1 are 
shown in Fig. 2. 
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Fig. J. Variation of Parameters in a Unit Tune Square 

Since quadrupole QJ is used to match the 
dispersion bump. only 01 and Q2 are available for lattice 
tuning. This gives a structure which is very easy to tune 
and, for a lattice with such low emittance, one which is 
relatively insensitive to errors. Functions of the lattice 
behavior within the integer tune square 7 < u x < 8; 
4 < uy < 5, are shown in Fig. J. The quadrupole strengths 
required to move about the tune square at 750 MeV. 
Fig. }(a), are modest and not highly sensi tive: 
6u/( 6G/G) ~ 12. Variation of the matched n ~ functions at 
the center of the long straight sections, (denoted [3*), are 
shawn in Fig. }(b). It can be seen that no dramatically large 
ur small U* ·values are encountered. Figure }(c) shows how 
the radial emittance charges within the tune square and 
Fig. 3(d) shows the systematic sum resonances up to order 6. 

The natural chromatidty of lattices designed for 
low emittance beams are usually quite high and this lattice 
is no exception: l.x ::::; -17, E,':=::: -14. However excellent 
chromatic behavior of the corrected lattice is obtained 
usinq just two sex tupole families, giving 6u i 0 .02 over a 
momentum rantJc of 6 '" !: 0.03, this despite the fact that 
strong correction strengths, k 5 ::::; 5 . 0, are required. 

MARVLlE5 has been used to track the dynamic 
aperture for two different momenta in the presence of 
synchrotron oscillations. The resulting stability limits, 
shown in Fiq.4, represent the largest dynamic aperture of 
the five sample lattices referred to in ref. [I}. The radial 
limit for 6 = a corresponds to - 125 ax . A phase space 
trajectory corresponding to an e lectron c1o~e to the stability 
limit IS shown in Fiq. 5. 
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Fig. 5. Radia l Phase Space Trajectory Close 
to the Stability Limit 

4. R.F. System 

In order to sustain a reasonable T ouschek lifetime at 
the high charge density required for this storage ring, a 
momentum acceptance of J% is needed. This is achieved 
with a peak voltage of I.} MV at 500 MHz. Three single cell 
cavities r of a type already in use at other storage rin9s6 are 
proposed with a separate r.f. transmitter for each cavity. 

5. In jection System 

A full energy (t.} GeV) injector is proposed for the 
facility . The one shown in Fig. I represents an upgrade of 
the BESSY injector.7 It consists of a 50 MeV racetrack 
microtron followed by a 10 Hz booster synchrotron with a 
circumference of 64 m. With a 20 rnA beam fro m the 
microtron and }}% and 50% transfer efficiencies to the 
booster and storage ring respectively. it is calculated that 
the filling time to 1 b = 200 Amperes will take 
approximately }.5 minutes. 
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Fig. 6. The Extraction Side of the FEL Bypass 

6. The FEL Bypass 

The function of the bypass as to extract the electron 
bunch from the storage ring, to channel it with well defined 
properties through the FEL undulator , and to reinject it into 
the storage ring with high transfer efficiency. The layout 
can be seen in Fig. 1, and an expanded view of the 
extraction side of the bypass is shown in Fig. 6; the injection 
side is a mirror image. Extraction is by vertical deflection 
into a Lambertson septum magnet. 

The optical properties of the undulater demand 
electron beam parameters of Bx :; By ;;; 2-3. 
Ox = oy = O. Tl = a at the entrance to the undulator. 
The functIOns of momentum matching and focussing are 
completely separated by utilizing an achromatic bend 
employing two bending magnets and three quadrupoles, and 
a focussing section comprising two quadrupole pairs. The 
evolution of the B -functions through the bypass are shown in 
Fig. 7. 

In order to meet the very tight tolerances on beam 
stability through the FEL undulator it is necessary to power 
the two bending magnets in series and to maintain an 
extraction kicker stability of A9k/9k:: few )( 10-4. Such 
tolerances are very stringent, but have becn demonstrated 
in the s LC damping ring injection/extraction systems.8 
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